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ANALOG 
DEVICES 



LC^MOS 4/8 Channel 
High Performance Analog Multiplexers 



ADG408/ADG409 



FEATURES 

44 V Supply Maximum Ratings 
Vss to Vqd Analog Signal Range 
Low On Resistance (100 il max) 
Low Power (Isupply < 75 p.A) 
Fast Switching 

Break-Before-Make Switching Action 
Plug-in Replacement for DG408/DG409 

APPLICATIONS 
Audio and Video Routing 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample and Hold Systems 
Communication Systems 
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GENERAL DESCRIPTION 

TheADG408 and ADG409 are monolithic C M OS analog 
multiplexers comprising 8 single channels and four differential 
channels respectively. T he AD G 408 switches one of eight inputs 
to a common output as determined by the 3-bit binary address 
lines AO, Al and A2. T he AD G 409 switches one of four differ- 
ential inputs to a common differential output as determined by 
the 2-bit binary address lines AO and A 1. An EN input on both 
devices is used to enable or disable the device. When disabled, 
all channels are switched OFF . 

TheADG408/ADG409 are designed on an enhanced LC^M OS 
process which provides low power dissipation yet gives high 
switching speed and low on resistance. Each channel conducts 
equally well in both directions when ON and has an input signal 
range which extends to the supplies. In the OFF condition, sig- 
nal levels up to the supplies are blocked. All channels exhibit 
break before make switching action preventing momentary 
shorting when switching channels. I nherent in the design is low 
charge injection for minimum transients when switching the dig- 
ital inputs. 

TheADG408/ADG409 are improved replacements for the 
DG408/DG409 Analog M ultiplexers. 



PRODUCT HIGHLIGHTS 

1. Extended Signal Range 
TheADG408/ADG409 are fabricated on an enhanced 
LC^MOS process giving an increased signal range that 
extends to the supply rails. 

2. Low Power Dissipation 
3 Low Ron 

4. Single Supply Operation 

For applications where the analog signal is unipolar, the 
AD G 408/AD G 409 can be operated from a single rail power 
supply. T he parts are fully specified with a single -1-12 V 
power supply and will remain functional with single supplies 
as low as -i-5 V. 
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ADG408/ADG409- SPECIFICATIONS 



DUAL SUPPLY (Vdd = +15 V, Vss = - 15 V, GND = V, unless otherwise noted) 





B Version 


T Version 










-40PC to 




-55°C to 






Parameter 


+25°C 


+85°C 


+25°C 


+125°C 


Units 


Test C ondition^C om merits 


ANALOG SWITCH 














Analog Signal Range 




Vss to Vdd 




Vss to Vdd 


V 




Ron 


40 




40 




£2 typ 


Vd =±10V, Is = -10 mA 




100 


125 


100 


125 


£2 max 




ARqn 


15 




15 




£2 max 


Vd = +10 V, -10 V 


LEAKAGE CU RRENTS 














Source OFF Leakage Is (OFF) 


±0.5 


±50 


±0.5 


±50 


nA max 


Vd =±10 V, Vs = +10V; 
Test Circuit 2 


Drain OFF Leakagelo (OFF) 












Vd =±10 V; Vs = ^lOV; 


ADG408 


±1 


±100 


±1 


±100 


nA max 


Test Circuit 3 


ADG409 


+1 


±50 


±1 


±50 


nA max 




Channel ON Leakage Id, U (ON) 












Vs = Vd =±10 V; 


AL) b 4Uo 


+ 1 


+ 100 

-L J.UU 


+ 1 


+ 100 


nA max 


T est C ircuit 4 


ADG409 


+ 1 


±50 


+ 1 


±50 


nA max 




DIGITAL INPUTS 














Input H igh Voltage, V|nh 




2.4 




2.4 


V min 




Input Low Voltage, Vinl 




0.8 




0.8 


V max 




Input Current 














l|NL 01" l|NH 




±10 




±10 


\iA max 


V|N = or Vdd 


C IN , D igital 1 nput C apacitance 


8 




8 




pF typ 


f = 1 M Hz 


U I IN M |v| 1 n M r\MV^ 1 C rM D 1 1 D 
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^TRANSITION 




120 




120 


ns typ 


D — "jnn n r — "^c: riC ■ 
Kl — jUU i2, L l — J-> pr , 






250 




250 


ns max 


Vsi=±10V,Vss = +10V; 
T est C ircuit 5 


4- 

toPEN 


10 


10 


10 


10 


ns min 


D — "JCiCi r — nC ■ 
Kl — jUU i2, L l — J-> pr , 

Vs — +-> V, 1 est L ircuit o 


toN (EN) 


85 


125 


85 


125 


ns typ 


Rl =300 £2, Cl =35 pF; 




150 


225 


150 


225 


ns max 


\/ _lR\/.T QrF P i r,-i liF 7 

Vs — +j V , 1 est L ircuit / 


COFF (tl\l ) 




65 




65 


ns typ 


r\L ~ -J"" i', L ~ P' , 






150 




150 


ns max 


\/ — _Ll^\/-T QcF r i rri liF 7 

Vs — +j V , 1 est L ircuit / 


L riar ye i njcction 


20 




20 




pC typ 


\/ — n\/ D — nn r — innF- 
Vs — uv, Ks — uii, Ll — iunr, 

1 est L ircuit 


U r r 1 501 all on 


-75 




-75 




AD F\/r\ 

uD typ 


D — 1 un f — inn ixUi t 
Kl — 1 Ki2, 1 — iuu Kn z. 












\/ — n \/ ■ T QcF r i rri i iF Q 

V EN — u V , 1 est L ircuit y 


C hannel-to-C hannel Crosstalk 


85 




85 




dB typ 


Rl = 1 k£2, f = 100 kHz; 
Test Circuit 10 


Cs(OFF) 


11 




11 




pF typ 


f = 1 MHz 


Cd (OFF) 












f = 1 M Hz 


AD G 408 


40 




40 




pF typ 




AD G 409 


20 




20 




pF typ 




Cd, Cs(ON) 












f = 1 M Hz 


AD G 408 


54 




54 




pF typ 




Ann ziriQ 


34 




34 




pF typ 




POWER REOUIREM ENTS 














1 DD 




1 
5 




1 
5 


HA typ 
^lA max 


ViN =0V, Ven =0V 


Iss 




1 
5 




1 

5 


HA typ 
HA max 






100 




100 




HA typ 


ViN =0V, Ven = 2.4 V 




200 


500 


200 


500 


|iA max 





NOTES 

^Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to +125°C. 
^Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 
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ADG408/ADG409 



SI NGLE SUPPLY^ (Vdd = +12 V, Vss = V, GND = V, unless otherwise noted) 



Parameter 



B Version 

-40PC to 
+2S'C -f«5°C 



T Version 
-5B°C to 
+25'C +125'C 



Units 



Test C onditions^C omments 



ANALOG SWITCH 
Analog Signal Range 



Oto Vr 



Oto Vr 



R 



ON 



90 



90 



V 

£2typ 



Vd =+3V, +10 V, ls = -l mA 



LEAKAGE CURRENTS 
Source OFF Leakage 1 5 (OFF) 

Drain OFF Leakagelo (OFF) 
ADG408 



±0.5 ±50 



±0.5 ±50 



ADG409 
Channel ON 
ADG408 
ADG409 



Leakage Id, U (ON) 



+ 1 
±1 

±1 
±1 



±100 
±50 

±100 
±50 



±1 
±1 

±1 
±1 



±100 
±50 

±100 
±50 



nA max 



nA max 
nA max 

nA max 
nA max 



Vd =8 V/OV, Vs = 0V/8V; 
Test Circuit 2 
Vd =8 V/OV, Vs = 0V/8V; 
Test Circuit 3 

Vs = Vp =8 V/OV; 
Test Circuit 4 



DIGITAL INPUTS 
Input H igh Voltage, V|nh 
Input Low Voltage, Vinl 
Input Current 



liNL or! 



INH 



2.4 
0.8 

±10 



2.4 
0.8 

±10 



C IN , D igital I nput C apacitance 



V min 

V max 

\iA max 
pF typ 



V|N =0 or Vdd 
f = 1 MHz 



DYNAMIC CHARACTERISTICS^ 

tlRANSITION 
toPEN 

toN (EN) 
toFF (EN) 

Charge Injection 
OFF Isolation 

Channel-to-Channel Crosstalk 

Cs(OFF) 
Cd (OFF) 

AD G 408 

AD G 409 
Cd,Cs(ON) 

AD G 408 

AD G 409 



130 

10 
140 
60 
5 

-75 

85 

11 

40 
20 

54 

34 



130 

10 
140 
60 
5 

-75 

85 

11 

40 
20 

54 
34 



ns typ 

ns typ 

ns typ 

ns typ 

pC typ 

dB typ 

dB typ 

pF typ 

pF typ 
pF typ 

pF typ 
pF typ 



Rl =300 £2, Cl =35 pF; 

Vsi = 8V/0V, V58 = 0V/8V; 

Test Circuit 5 

Rl =300 a Cl =35 pF; 

Vs = +5 V; Test Circuit 6 

Rl =300 £2, Cl =35 pF; 

Vs = +5 V; Test Circuit 7 

Rl =300 £2. Cl =35 pF; 

Vs = +5 V; Test Circuit 7 

Vs = OV, Rs = 0£2. Cl = 10nF; 

Test Circuit 8 

Rl = 1 k£2, f = 100 kHz; 

Ven =0V; Test Circuit 9 

Rl =lk£2, f=100 kHz; 

Test Circuit 10 

f = 1 MHz 

f = 1 M Hz 



f = 1 M Hz 



POWER REOUIREM ENTS 
Idd 



DD 



100 

200 



1 
5 

500 



100 
200 



1 

5 

500 



HA typ 
pA max 
HA typ 
HA max 



ViN =0V, Ven =0V 
ViN =0V, Ven = 2.4 V 



NOTES 

^Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to +125°C. 
^Guaranteed by design, not subject to production test 
Specifications subject to change without notice. 
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ADG408/ADG409 



ABSOLUTE MAXIMUM RATINGS^ 

(Tft = +25°C unless otherwise noted) 

VoDtoVss +44 V 

VootoGND -0.3 V to +25 V 

VsstoGND +0.3 V to -25 V 

Analog, Digital Inputs^ Vss -2 V toVoo +2 V or 20 mA, 

Whichever Occurs First 

C ontinuous C urrent, S or D 20 mA 

Peal< Current, S or D 

(Pulsed at 1 ms, 10% Duty Cycle max) 40 mA 

Operating Temperature Range 

Industrial (B Version) -40°C to +85°C 

Extended (T Version) -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature +150°C 

Cerdip Pacl<age, Power Dissipation 900 mW 

ejA, Thermal Impedance 76°C/W 

Lead Temperature, Soldering (10 sec) +300°C 

Plastic Package, Power D issipation 470 mW 

ejA, Thermal Impedance 117°C/W 

Lead Temperature, Soldering (10 sec) +260°C 

SOIC Package, Power Dissipation 600 mW 

ejA, Thermal Impedance 77°C/W 

Lead Temperature, Soldering 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) +220°C 



NOTES 

^Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratingconditionsforextended periodsmayaffectdevicereliability. Only 
one absolute maximum rating may be applied at any one time. 

^OvervoltagesatA, EN , S or D will be clamped by internal diodes. Current should 
be limited to the maximum ratings given. 



ORDERING INFORMATION 



Model^ 


Temperature Range 


Package Option^ 


ADG408BN 


-40°C to +85°C 


N-16 


ADG408BR 


-40°C to +85°C 


R-16A 


ADG408T0 


-55°C to +125°C 


0-16 


ADG409BN 


-40°C to +85°C 


N-16 


ADG409BR 


-40°C to +85°C 


R-16A 


ADG409TO 


-55°C to +125°C 


Q-16 



NOTES 

^To order M IL-STD-883, Class B processed parts, add /883B toT grade part 
numbers. 

= Plastic DIP; R =0.15" Small Outline I C (SOIC); = Cerdip. 



CAUTION 



ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 




-4- 



REV. 



ADG408/ADG409 



PIN CONFIGURATIONS (DIP/SOIC) 



AO |T 
EN [T 

Vss [I 

si [T 

52 [T 

53 \T_ 

54 [T 
D \V_ 



ADG408 

TOP VIEW 
(Not to Scale) 



ib] A1 

15] A2 
T?] GND 

12] S5 

lT| SB 

To] S7 

T] S8 



AO [T 
EN [T 

Vss [I 
S1A [T 

S2A [y 

S3A [T 
S4A [T 
DA [T 



ADG409 

TOP VIEW 
(Not to Scale) 



ADG4(]6Truth Table 



ADG409Truth Table 



je] A1 

Isl GND 

Ta] S1B 

ll] S2B 

1T| S3B 

3o| S4B 

T| DB 



A2 


Al 


AO 


EN 


ON 

SWITCH 


X 


X 


X 





NONE 













1 








1 




2 





1 







3 





1 


1 




4 


1 










5 


1 


1 







6 


1 


1 


1 




8 









ON SWITCH 


Al 


AO 


EN 


PAIR 


X 


X 





NONE 








1 


1 





1 


1 


2 


1 





1 


3 


1 


1 


1 


4 



TERMINOLOGY 



Vdd 


M ost positive power supply potential. 


Vss 


M ost negative power supply potential in dual 
supplies. In single supply applications, it may 

ho rnnnorYor] Yn nrniinH 

UC LU 1 1 1 ICLLCU LU LJI UU 1 lU . 


M n 

VJ IM U 


rn 1 1 nrl / \/ ^ rof Qronro 
OIUUIIU \\J vl 1 Cl Cl Cl ILC. 


Ron 


nhmir rpc;ic:1"anrp hpfwppn D and ^ 

WIIIIIIL IC^I^LullLC UCLVVCCII LJ Ol lU J. 


ARqn 


D ifference between the Ron of any two 

rh^n n pl c 


Is(OFF) 


Source leakage current when the switch is off. 


Id(OFF) 


D rain leakage current when the switch is off. 


Id, Is (ON) 


C hannel leakage current when the switch is on. 


Vd (Vs) 


Analog voltage on terminals D , S. 


Cs(OFF) 


Channel input capacitance for "OFF" 
condition. 


Cd (OFF) 


Channel output capacitance for "OFF" 
condition. 


Cd,Cs(ON) 


"ON " switch capacitance. 




Digital input capacitance. 


toN (EN) 


D elay time between the 50% and 90% points of 
the digital input and switch "ON " condition. 


t- (^ M \ 


u eiay time uetween tneDU/o ana yu/o points 01 
thedigital input and switch "OFF" condition. 


^TRANSITION 


Delay time between the 50% and 90% points of 
the digital inputs and the switch "ON " condition 
when switching from one address state to another. 


toPEN 


"OFF" time measured between the 80% point 
of both switches when switching from one 
address state to another. 


ViNL 


M aximum input voltage for logic "0." 


V|NH 


M inimum input voltage for logic "1." 


l|NI (I|Nh) 


1 nput current of the digital input. 


C rosstalk 


A measure of unwanted signal which is coupled 
through from one channel to another as a result 
of parasitic capacitance. 


Off Isolation 


A measure of unwanted signal coupling through 
an "OFF" channel. 


C harge 
Injection 


A measure of the glitch impulse transferred 
from the digital input to the analog output 
during switching. 


1 DD 


Positive supply current. 


Iss 


N egative supply current. 
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ADG408/ADG409 

Typical Performance Characteristics 



120 




-5 5 

Vd(Vs)- Volts 

Figure 1. Ron as a Function of Vq (Vs): Dual Supply Voltage 

100 
90 




-5 5 

Vp (Vg) - Volts 

Figure 2. Ron as a Function of Vq (Vs) for Different 
Temperatures 
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1 

Ta = +25°C 










■DD - 

Vss = -1 


5V 








Is (OFF) 
























Id (OFF) 












Id (ON) 





































-15 



-10 



-5 5 

Vd(Vs)- Volts 



10 



15 



Figure 3. Leakage Currents as a Function of Vp (Vs) 




Vd (Vs) - Volts 

Figure 4. Rqn 3S a Function of Vq {VsY- Single Supply 
Voltage 
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Vdd=+12V 










Vss = ov 






















































+125°C_, 
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Vd (Vs) - Volts 



Figure 5. Rqn as a Function of Vq (Vs) for Different 
Temperatures 
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Figure 6. Leal<age Currents as a Function of Vd (Vs) 
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ADG408/ADG409 
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Ion (EN) 
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1 3 5 7 9 11 13 

V|N- Volts 

Figure 10. Switching Time vs. (Singie Suppiy) 
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V,N = +5V 
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SITION 


















toFF(EN7" 




toN (EN) 

















±5 ±7 



±9 ±11 

VsUPPLY- Volts 



±13 ±15 



Figure 11. Switching Time vs. Bipoiar Suppiy 
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= -15V" 
































toN 


(EN) 
























































*OFF 
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V|N- Volts 

Figure 7. Switching Time vs. V,fj (Bipoiar Suppiy) 
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Figure 8. Switching Time vs. Single Suppiy 
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Vd 
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D=+15V 

g = -15V 




















EN = 2.t 


V 


EN = OV 





















10 100 Ik 10k 100k 1M 10M 
FREQUENCY - Hz 

Figure 9. Positive Supply Current vs. Switching Frequency 
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Vd 
Vs 


o = +15V 
3 = -15V 


















































Eh 


J = 2.4V y 


' EN = 
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10 100 Ik 10k 100k 1M 10M 
FREQUENCY -Hz 

Figure 12. Negative Suppiy Current vs. Switching 
Frequency 
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ADG408/ADG409 



110 
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o 

4 90 

o 

in 



70 









Vss 


= +15V 
= -15V_ 
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Figure 13. Off Isolation vs. Frequency 

Test Circuits 
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Figure 14. Crosstalk vs. Frequency 
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Test Circuit 1. On Resistance 



SI 


V V 

DD SS 


D 






o 


S2 
S8 




1 ° 

— ^ 


+O.BV (7 




GND 



In(OFF) 



Test Circuit 3. Id(OFF) 







Vdd 

T T 




SI 


V V 
DD SS 




D 








I- 


S2 
S8 


? 

1 


6 


+O.BV 






GND 





— 

T T 




In (ON) 



Test Circuit 2. Is (OFF) 



Test Circuit 4. Id (ON) 
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ADG408/ADG409 



3V 

ENABLE 
DRIVE (V|| 

OV 



50% 



TRANSITION ■ 



OUTPUT 



t <20ns 

r 

t, < 20ns 



50£J. 



: 90% 



V 



90% 



t T 



AO 
A1 
A2 



S1 

S2 THRU S7 



S8 



ADG408* 



OUTPUT 



•SIMILAR CONNECTION FOR ADG409 

Test Circuit 5. Switcliing Time of Muitipiexer, trRANsmoN 



35pF 



3V -- 
ADDRESS 



OV - 



V 



t T 



S1 

S2 THRU S7 



S3 



ADG408* 



'soon 



•SIMILAR CONNECTION FOR ADG409 

Test Circuit 6. Breal<-Before-lvial<e Deiay, toPEN 



^ 35pF 



3V 

ENABLE 



OV ■ 



OUTPUT 



50% 



■ 0.9V„ 



0.9V„ 



V|n(^ 



50£2, 



t T 



S1 

1 

2 

S2 THRU S8 

ADG408* 



OUTPUT 



V 



•SIMILAR CONNECTION FOR ADG409 



^ 35pF 



Test Circuit 7. Enabie Deiay, toN (EN), toFF (EN) 
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ADG408/ADG409 



3V 



-' QlNJ = ClXAVqut \— t 



r 



r: 



I -=■ V, 



"DD "SS 

T T 



ADG408* 




■SIMILAR CONNECTION FOR ADG409 



Test Circuit 8. Cliarge Injection 



t T 




OFF ISOLATION = 20 LOG '^auT'^m 

Test Circuit 9. OFF Isoiation 
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AO 




EN 


A1 






A2 


ADG408 


S1 




D 




<r- 


"O 


S2 






S8 


GND 





OUT 

-O 



CROSSTALK = 20 LOG Vg^yV,^ 

Test Circuit 10. Ctiannel-to-Ctiannei Crosstailc 
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OUTLINE DIMENSIONS 

D imensions shown in inches and (mm). 



Plastic DIP (N- 16) 



PIN 1 



0.870 (22.10) 



0.240 (6.10) 




0.115 (2.93) 

■-Hh- 

0.018 (0.460) 
0.014 (0.356) 



0.100 
(2.54) 
BSC 



Cerdip(Q-16) 



0.005 (0.13) MIN 



0.080 (2.03) MAX 




SO (Narrow Body) (R-lfiA) 



PIN 1 



n n n n n n n n- 



¥¥¥¥¥¥¥¥ 



0.1574 (4.00) 
0.1497 (3.80) 

i 0.2440 (6.20) 
0.2284 (5.80) 



iiinnnnrpiDiDil 



T 

0.0098 (0.25) 



0.0500 
(1.27) 
BSC 



0.0192 (0.49) 



.0532(1.35) 



T 



0.0099 (0.25) 
0.0075 (0.19) 
SEATING PLANE 



0.0500(1.27) 
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